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Abstract—This paper describes the experiences using remote
laboratories for education and research in the field of Control
Engineering. The use of remote laboratories for education in
subjects of control is increasingly becoming a resorted method by
the universities in order to offer a flexible service in schedules with
greater and better operation of available resources. Nevertheless,
for research activities, remote laboratories are not widely used.
The aim of this contribution is thereby to apply the experience of
remote laboratories in research applications in order to share com-
plex equipments among different researchers. Some experiments
are carried out to demonstrate the effectiveness of using remote
laboratories in research experiments related to robotic system.
The results of the implementation of remote experimentations
to control a 3-DOF parallel robot by using Distance Laboratory
System (SLD) are exposed. The performance of the system is
evaluated by the possibilities and functionality of the proposed
remote laboratory platform.

Index Terms—Remote experiment, remote laboratories, parallel
robot, control systems research.

I. INTRODUCTION

E XPERIMENTAL validation represents a fundamental
component of education and research methodology in

engineering. However, their practical implementations present
numerous restrictions due to the cost of equipment, limitations
in spatial capacities, security problems, time and maintenance.
The use of information technology offers new opportunities
in order to reduce these constraints. Remote laboratories can
provide remote access to experiments and can allow learners to
have access to experiments with less restrictions on time and
location, providing the necessary guidance and assuring a safe
and secure operation for both the equipment and staff in charge
[1].

For engineering distance education courses, remote facilities
constitute as the only realistic method of performing many ex-
periments. It must allow remote access to students, no longer
constrained by time or geographical considerations, complete
laboratory assignments. Thus, it is fair to conclude that remote
experimentation facilities enhance the development of skills in
the use of real systems and instrumentation [2]. A model for
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evaluating the effectiveness of remote engineering laboratories
and for simulations in education are provided in [3]. The authors
concluded that students have learned laboratory content infor-
mation equally well from both types of laboratories, hands-on
and remote labs, and that they have a realistic understanding and
appreciation of the practical advantages of remote laboratories.

This paper is focused on the use of remote laboratories for
education and research purpose ensuring the security of real
equipment. Considering the remote access to real equipment,
“Sistema de Laboratorios a Distancia” (SLD) created by the
Department of Automatic and Computational Systems of Uni-
versidad Central “Marta Abreu” de Las Villas (UCLV) in col-
laboration with the Universidad Politécnica de Madrid (UPM)
has been used. The SLD is a distance laboratory system that
allows learning and adjusting predefined controllers, designing
new controllers, testing and analyzing the performance of the
predefined/designed controllers over a set of physical devices
through the Internet [4].

This paper is organized as follows. Section II shows the most
relevant works developed for remote laboratories in Control En-
gineering. Section III describes the characteristics of SLD Web
application. The characteristics of remote laboratories for re-
search purpose are shown. Section IV shows the general opera-
tion of SLD. Section V describes how access to remote equip-
ment for experimentation. Some topics where SLD could be
used are presented. Section VI is focused on the description of
the parallel robot used for the research. Section VII presents the
results obtained using SLD on research. Section VIII explains
the experience and opinions using SLD. Finally, Section IX
summarizes the main results of this study.

II. RELATED WORKS

There are numerous virtual laboratories and remote experi-
ments available in the literature [5]–[12]. The iLab [13] at Mass-
achusetts Institute of Technology, Cambridge, MA, the Lab-
Share [14] at Curtin University, Australia, and the WebLab-
DEUSTO [15] at the University of Deusto, Spain, are impor-
tant remote laboratories. In [16], the authors provide a litera-
ture review of modern remote laboratories. In [17], after a brief
overview of state-of-the-art technologies in the development of
remote laboratories and presentation of recent and interesting
examples of remote laboratories in several areas related to in-
dustrial electronics education, some current trends and chal-
lenges are also identified and discussed. In addition, in [18], the
authors identify possible evolutions for the next generation of
remote laboratories that are under a strong current of evolution.
Such labs would no longer be restricted to a single topic, where
Automatics and Robotics are among the most frequently used
tools.
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A variety of different remote experiments and remote lab-
oratories have been developed in the field of Automatics and
Robotics control. In [19], an experimental mechatronic system
and validation of the control design by remote experiments at
Maribor University is presented. A remote laboratory on fuzzy
control is presented in [20]. This laboratory offers students and
professionals a valuable tool for improving their fuzzy design
abilities, and testing the performance of fuzzy controllers in a
real DC motor.

A Web-based control laboratory for experimentation on
a nonlinear multiple-input-multiple-output (MIMO) system:
the three-tank plant, which is introduced in [21]. Using this
application, automation technical students can learn many
fundamental aspects of control processes in a practical way.
A new approach in creating interactive networked control labs
is described in [9]. The remote labs created by this approach
give students the opportunity to prove the effects of network
delays on the controlled system and also to specify their own
control algorithm. The Department of Electrical and Computer
Engineering at the Utah State University developed a mobile
laboratory for Mechatronics and Distributed Control Systems
courses [22]. In this low-cost remote laboratory solution, a se-
rial server was connected to the microcontroller of a standalone
three-axis robotic wheel assembly.

The Robotics and Automatic Control Telelab (RACT) is
a remote laboratory on robotics that was developed at The
University of Siena, which extends the field of application
of the Automatic Control Telelab (ACT) [23]. This extension
consists of adding experiments on a remote robot manipu-
lator. RACT is mainly intended for educational use, and its
MATLAB-based architecture allows students to easily put their
theoretical knowledge on robotics in practice [24]. The novel
Simple Network Robot Protocol (SNRP), which permits the
integration of network robots and sensors within an e-learning
platform in a simple and reliable manner, is introduced in [6].
The students are able to interact remotely with a real robotic
scenario. Networked Control System Laboratory (NCSLab) is
a remote laboratory that aims at integrating various devices for
experiments located globally and offering various experiment
services for users scattered around the world [25]. The system
has been used for teaching and research.

García–Zubia and colleagues from the University of Deusto
suggests three kinds of laboratories: remote instrumentation, re-
mote parameters control, and remote control logic. In the first
kind, the user acts as a mere observer; in the second, the user
is able to change some control parameters; and in the third, the
client is able to change the inputs, the logic and the parameters
of the system [26].

In the greater part of the cited remote control experiments,
remote users can run an experiment and adjust the process or
the controller parameters from a set of predefined controllers,
this includes them in the first two groups defined in [26]. These
systems limit the experimentation to some types of controllers
(PI, PID, space of state, etc.) they are not suitable for research
purposes. Perhaps this explains why remote laboratories have
been mainly used for education.

Nowadays, high-performance research rarely takes place in
isolated laboratories or as an individual performance. Scientific
success is based increasingly on teamwork. Thus, the realization

of scientific cooperation and the cooperation in virtual knowl-
edge spaces have crucial relevance [27]. The concept of virtual
knowledge spaces has become the importance of academic ed-
ucation. In addition, virtual knowledge spaces are suited inten-
sively as scientific cooperation tool [28]. Remote experimenta-
tion using remote laboratories is within this line.

In [29], a remote experimentation system under development
for students to conduct a range of experiments in science and en-
gineering education is presented. Moreover, in [30], the authors
value the possibilities of remote access for sophisticated equip-
ment located at the factory shopfloor. In [31], the authors present
a new generation of pharmacy robots based on micro-servers
and Web 2.0 technologies. This new technology offers a faster,
more robust, and ecologic service than the classic solutions.

III. CHARACTERISTICS OF THE SYSTEM

SLD is a remote laboratory whose main objective is to allow
users to learn how to adjust predefined controllers and to design
their own controllers in order to be tested in real devices through
the Internet.

A. Common Characteristics of Remote Laboratories

SLD has some important features in common with most dis-
tance laboratories in operation at present.

Ease of use: Using the SLD, the users should only have some
knowledge about robotics and control systems. In this way, users
are focused on reinforcing these topics and thereby avoid all
implementation and operation problems of devices used in the
practices.

Availability: Web-based learning systems should be available
24 hours a day. This implies that the system should have self-
protection rules for accomplishing this requirement. All the ex-
periments must be equipped with hardware and software devices
to prevent damage to the components and the people working in
the laboratory.

Accessibility: Since SLD is configured on a Web-platform,
users can access the system from any place in the world. Thus,
a computer with internet connection and a browser are needed.

Easy and fast user interface: The user interface is a very im-
portant part in the development of a Web-based learning system.
The main function of this part is to make the practice order and
send it to the Web server. SLD user interface is based on HTML
pages that use AJAX and PHP functions; this allows the users
to access the system fast, without the need of downloading or
installing any additional software.

In [15], experts from different universities have ordered ten
characteristics of remote laboratories. The characteristics ana-
lyzed are: cross-platform, security, Web browsers, intrusiveness,
interaction, installation, devices, bandwidth, audio and video,
and power. These characteristics describe remote laboratories
for education. However, other features should be added for the
purpose of research.

B. Specific Characteristics of Remote Laboratories for
Research Purpose

The remote laboratories should have additional features to be
included in the third group of the classification proposed in [26]
and to be used in research.
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TABLE I
CHARACTERISTICS OF IMPORTANT REMOTE LABORATORIES/EXPERIMENTS PLATFORM AND SLD

Users have to be able to design their own experiments and
carry out some tests with different inputs to the system. Con-
sidering Control Systems, this is translated in order to be able
to carry out tests with different algorithms of control, to change
the values and signals in the reference inputs and to operate with
complex equipment.

The additional characteristics that remote laboratories should
have for research are the following.

Controller development in a remote way: One of the most
important features of remote laboratories for research is that
it allows the users to design their own controllers. Using the
MATLAB/Simulink or LabView environments, which are
standard tools in the automatic control field, the users do not
need to waste time learning new programming languages for
implementing a new controller. Through Simulink or LabView
graphic interface, a large number of blocks can be chosen and
connected in a very simple way, allowing the users to create
analog, digital or hybrid controllers very fast.

Reference change: Remote laboratories for research must
allow the experiment’s references to change in order to verify
the controller performance in the presence of different input
signals.

Complex equipment: Remote laboratories for research have
to allow operating with complex equipment like robot manipu-
lators, parallel robots, etc.

Advance parameter change: Some advance parameters have
to allow changes in a research experiments, such as sample time,
solver methods, etc. Researchers are not interested in only ad-
justing some parameters; they need total access to the hardware
and controllers.

Equipment security: Because users can implement their own
control algorithms, it is essential to ensure the integrity of the
equipment. Generally, security is layered. The devices have their
own security, such as mechanical stops, saturations, switches,
etc. Besides, it is necessary to include saturation in some crit-
ical signals in the block diagram. Finally, before running the
practices, the system must check that the developed algorithms
will not affect the equipment.

Fig. 1. SLD architecture.

SLD implements these characteristics and makes it possible
to be used for research. How these features have been imple-
mented in SLD will be explained with more details in the fol-
lowing sections.

Table I summarizes characteristics of some important remote
laboratories/experiments platform and SLD.

IV. GENERAL OPERATION OF THE SLD ARCHITECTURE

SLD is divided into three parts: user interface, practices man-
agement and practices processing as shown in Fig. 1. Users in-
teract with the system through the Internet. When accessing the
system Web site, users have to first register by giving their user-
name and password and then choose the practice they want to
realize. The user can then fill out the form about the practice in
a correct way and finally select whether to carry out the practice
in a simulated or in a real device.

The Web Service Practice Management Server (PMS) re-
ceives data of the practices that users execute. It organizes
them by the order of arrival and verifies which workstation can
perform the practice in order to send it to the Web Services
Practice Management Client (PMC) located in the available
workstation. If there is more than one workstation than can
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TABLE II
TOPICS WHERE THE SLD COULD BE EFFECTIVELY USED

execute the practice, that supposes equal physical devices have
been connected to different workstations, the system chooses
which workstation will carry out the execution in the following
form.

1) If there are free stations, the system randomly chooses one.
2) If all the stations are busy, the system creates a queue of

attention for each one of them.
Importantly, the queue is formed by station, not by practice,

which means that there can be different practices for execution.
The state of the stations (waiting, busy and off) is kept updated
in the database.

The waiting time for each user depends on the execution time
of each practice and the number of stations that can be executed.
The approximate time of delay is shown in the Web page of each
practice. If the time of delay is high, SLD suggests the user to
carry out the experiment at another time. If the waiting time is
over 6 min, the practice is disabled until it releases the queue.

When the order arrives at the PMC, the data are processed
and the practice is carried out using MATLAB and Simulink
together with Real Time Workshop (RTW) Toolbox. The direct
execution of Simulink scheme represents an advantage since the
time and complexity in creating new algorithms of control are
drastically reduced. Furthermore, it allows creating and modi-
fying control schemes more easily.

Once the practice has been processed, the feedback is ob-
tained by a Web page showing the processing data. Throughout
the practice, a video with the real process is shown to the users
[32].

The workstation and the Web Server can be separated through
WLAN or Internet. The communications port used is a standard
HTTP 80 port, rather than nonstandard TCP/IP random ports,
that can be blocked by firewalls.

The system allows two types of practices: one with a prede-
fined controller and another with a controller created by the user.

V. ACCESS TO REMOTE EQUIPMENT FOR EXPERIMENTATION

Table II summarizes some topics, in Automatic Control Sys-
tems, where the SLD could be effectively used. Modern Control,
Digital Control, and Robotics are subjects fundamentally taught
in postgraduate courses and for research works.

SLD has been used in teaching activities as well as under-
graduate and postgraduate courses at UCLV [33], at UPM [32],
[34] and other countries like Mexico, Brazil, and Venezuela. At
present, the experiences developed use a DC motor and a robot
manipulator at UCLV and a DC motor and thermal system at
UPM. A parallel robot has recently been included at UCLV.

A. Practices With Predefined Controller

In the exercises with predefined controller, users only need
a Web browser to access SLD Websites. The user will be able
to change the value of certain parameters of interest by evalu-
ating the effects that arise in the response of the system. Con-
sidering these schemes, it is possible to approach subjects of:
experimental identification of SISO systems, dynamic analysis
of systems, analysis and design in the field of the time, effects
of the control actions, and adjustment of controllers with SISO
and MIMO systems.

The exercises with predefined controller are very useful for
education because they focus the student learning on the funda-
mental aspects of the theory that the professor wants to empha-
size.

The laboratory of practices of the UPM is formed by eight
positions, each equipped with a computer, a data acquisition
card (AD622 of Humusoft) and two scale models, a thermal
system and DC motors. A DC motor and the thermal system are
single input and single output processes (SISO) that allow car-
rying out experiments related with identification, position con-
trol, velocity control and temperature control, without load dis-
turbances.

For example, a practice for testing PID controller perfor-
mance in a thermal scale model is described next.

The theoretical transfer function of the thermal system shows
in (1)

(1)

A Web page of the practice is shown in Fig. 2.
In these practices, students have several possibilities in testing

the effects of proportional (kp), integral (ki), and derivative (kd)
control actions on the system step transient-response: first, by
simulations and, second, in a real way.

The PID controller could be adjusted by Ziegler–Nichols
method for example. Fig. 3 shows the steady-state response of
a real system to changes in the input from 0 to 5 step function.
Fig. 3(a) and (b) show the effects of gain change on the tran-
sient-response and the steady-state error, respectively. Fig. 3(c),
with I control action, shows how the steady-state error goes
to 0, but the system response is slow; in Fig. 3(d), the system
becomes faster as consequences of action D.

In parametric practices, the safety of the equipment at SLD
level is guaranteed by limiting the value of the parameters. In
this case, the value of the controller’s parameters kp, ki, and kd
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Fig. 2. PID controller Web page for thermal system.

Fig. 3. Example time response of a real system. (a) P controller �� � ���.
(b) P controller �� � �. (c) PI controller �� � � and �� � ����. (d) PID
controller �� � �� �� � ���� and �	 � 
.

will be adjusted between 0 to 10, otherwise, an error is gener-
ated by the system. In addition, the thermal system has voltage
limiters for protection. In the Simulink model, the saturation
blocks are placed, as shown in Fig. 2. This type of practices has
been used at UPM in subjects of Automatic Control Systems
[32]–[34].

B. Practices With Controller Created by the User

The practices with the user-defined controller have great po-
tentials in education, but the greater advantage could be ob-
tained in research. They allow making experimentation of dif-
ferent control methods, classic and modern. The response of the
system can be analyzed with different reference and disturbance
signals and changing the sample time.

Working with these types of practices, users need to have
MATLAB and Simulink software installed in order to modify
the downloaded Simulink file. When a practice with the
user-defined controller is selected, a Web page is displayed. In

Fig. 4. Defined user controller Web page for thermal system.

Fig. 4, the Web page of practice with user-defined controller
for thermal system is shown.

The Web page allows downloading a Simulink file, which
contains the block diagram of the practice. In addition, the
user can modify the subsystems Reference and Regulator
using MATLAB and Simulink software. However, they cannot
modify the name or the amount of inputs and outputs of the
subsystems. Users can also change the sample time, execution
time, and other important parameters.

The safety of the equipment in this type of practices at SLD
level is guaranteed by running the model on Simulink in Normal
simulation mode before the execution on the real device. This
simulation allows the calculations of certain critical parameters
of the system and the comparison with limited values that assure
that the real equipment will not be damaged during the execu-
tion of the experiment. Each physical system has its own critical
parameters to oversee. Moreover, saturation and filtered blocks
are added in order to limit the excessive amplitude of command
signals and some critical signals.

This type of practice could be used in any kind of device, but
more interestingly in complex systems like robots. The robot
manipulator and a parallel robot are systems with MIMO char-
acterized by dynamic interactions and nonlinear behavior. They
allow implementing more complex positioning and trajectory
tracking control schemes.

With this work, the authors try to take a step forward in the
application of the remote laboratories. The main objective of
this work is to develop training and carry out better experiments
about complex devices with possibilities of changing the control
algorithms.

VI. PARALLEL ROBOT USED FOR RESEARCH PURPOSES

Parallel robots have received special attention from the sys-
tems and control community based on their high force-to-weight
ratio and widespread applications [35], [36]. Several research
papers have been published, prototypes have been built, new



552 IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS, VOL. 9, NO. 1, FEBRUARY 2013

Fig. 5. SIMPRO 3DOF pneumatic driver simulator parallel platform.

topologies invented, and consequently their applications are in-
creasing [37]–[39]. The field of parallel robots is highly multi-
disciplinary and the process of building successful architectures
requires expertise in mathematics, kinematics, dynamics [40],
[41], and in many other fields in addition to the application-re-
lated know-how [42], [43].

The robotic system used for remote experimentations on re-
search is a 3-DOF parallel manipulator controlled by pneumatic
actuators (Fig. 5). The parallel robot is produced by SIMPRO
for driving simulator purpose. The parallel robot model is de-
scribed in [44].

Inverse kinematics expressions of the 3-DOF parallel mech-
anism used in the remote experiments are development in [44],
including the design of position controllers and dynamic iden-
tification of electro-pneumatic systems. The design of the po-
sition controller was performed via pole placement, where the
closed loop performance is dominated by complex conjugate
pair of poles with and rad/s. Dynamic on-
line identification was performed by using a pseudo random
binary signal (PRBS) in order to obtain the adequate excita-
tion of system in the closed-loop configuration with variable
proportional gain. The corresponding transfer function of de-
signed controllers ( ) and servo-pneumatic systems
( ) are as follows.

Controller for actuator 1

(2)

Controllers for actuators 2 and 3

(3)

Piston 1

(4)

Piston 2 and 3

(5)

Fig. 6. Block diagram of joint-space position control.

where

A. Decoupled Control Scheme

An independent joint position control is proposed. In the de-
sign, it has been considered that the control system must respond
with sufficient robustness against dynamic disturbances [45].

Each leg is actuated by pneumatic cylinder FESTO DNC-
125-500 governed by a MPYE-5-3/8 proportional flow valve,
the joint’s displacements are measured by MLO-POT-500 linear
potentiometers with ; 01 mm of accuracy.

The control scheme of a single actuator is represented in
Fig. 6. This block diagram does not use the inverse dynamics
model of the plant avoiding the calculation of the inverse
dynamics of the robot [38]. On the other hand, the use of
inverse kinematics allows knowing the individual value of the
elongations of the pistons as function of the pose of the moving
platform. The measurement signals coming from the high
precision linear potentiometers are processed by a Humusoft
MF624 board (16 I/O), which is mounted on a commercial
PC (Pentium D 3 GHz processor, 256 Mb RAM). The analog
command signal is sent to the proportional flow valve, which
feeds the pneumatic cylinder.

The control algorithm is executed in real time environment
with 10 ms of sampling time in the real-time Windows Target
of MATLAB.

The controller has to be placed in the cascade with a Butter-
worth filter of 80 Hz of cut frequency, to guarantee that the valve
is not excited above its bandwidth. That way, controllers satisfy
all the formulated demands in the control problem.

VII. SLD FOR RESEARCHERS

In this section, the performance of the decoupled position
control scheme of industrial 3-DOF pneumatic parallel platform
is evaluated by means of remote experimentation. The SLD Web
platform is used for carrying out the corresponding remote ex-
periments by applying time-varying desired path in orientation
angles and elevation to be followed by the mobile platform. The
experiment would be performed by different types of controllers
created by the user.

A. Remote Experimental Design

As mentioned, the designed remote experiment allows veri-
fying the control system’s performance based on different con-
trol strategies. Moreover, it also permits analyzing the time re-
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Fig. 7. Control parallel robot Web page.

Fig. 8. Simulink block diagram of the experiment.

sponse characteristics of the closed loop system with different
reference input signals.

For the remote experiment, an appropriate Webpage was con-
structed (Fig. 7). The Webpage allows downloading a Simulink
file with the block diagram of the proposed controlled system.
The Simulink-model contains all the simulations parameters
necessary to perform the remote experiment, including control
strategy and test input signals (Fig. 8).

The users can freely modify the reference input signals in
the subsystems and controller1, controller2, controller3 for
each electro-pneumatic actuator by means of MATLAB and
Simulink package software. However, they cannot modify the
name or the number of input/output ports of the subsystems. In
addition, users can change the sample time, execution time and
others important simulation parameters.

When the Simulink model is finished and saved, the user can
upload the block diagram (.mdl file) to the SLD—which is run-
ning on the workstation (Fig. 1)—in order to perform the corre-
sponding experiments. As mentioned, before carrying out the
practices in the real device, SLD makes an execution of the
Simulink model in Normal simulation mode as well as sev-
eral tests that, in parallel robots, are focused on the following
objectives.

1) To verify that the Cartesian trajectories do not surpass the
parallel robot workspace.

2) To check that the robot’s joints do not exceed the mechan-
ical limits according to the restrictions of the mechanism.

3) To avoid, through a signal frequency analysis, that the
robotic system presents high-frequency oscillations, this
can mechanically disarrange the robot and/or damage its
actuators.

Once these aspects have been determined, the SLD im-
plements the controller, compiles the system using the RTW
Toolbox and carries out the experiment in real time. In case the
SLD detects that the designed controller represents a risk for
the parallel robot, the system will not allow the execution of
the real experiment. The user is informed of the cause and is
given the simulation graphs and performance data in order to
evaluate the system performance.

Additional experiments can be developed considering
changes in the reference signals, controller settings, and control
methods; furthermore, other blocks could also be available for
modification, enhancing the possibilities of research. The ar-
chitecture of the closed loop control system can be designed in
state-space or transfer function representation, and indistinctly
in analog or digital version.

B. Remote Experimental Results

For an experimental test, the dynamic model of servo sys-
tems—defined by (4) and (5) are used- and the transfer func-
tions of controllers are according to (2) and (3).

To evaluate the performance indexes of the robotic closed-
loop system in terms of joint’s displacements and positioning
errors, four different experimental tests were developed with
several time-varying trajectories given in Cartesian space that
are shown in Table III.

Test 4 was executed with sinusoidal input signals with con-
stant frequency of 0.84 rad/s, starting from the initial eleva-
tion of mobile platform of 1285 mm in which assuring the 50%
of elongation of pneumatic actuators. A low-pass second-order
filter with cutoff frequency of 80 Hz is inserted in the forward
path to limit the excessive amplitude of command signal over
the flow proportional valves bandwidth.

Because robotic control commands are executed in the joint
space, while robotic motions are specified in the task space, it
is strongly necessary to include the inverse kinematics relations
in the control scheme in order to find the corresponding sets of
joint displacements given the desired position and orientation
of the end-effector. So, the outputs of IK block are the desired
joint’s coordinates, which are used to generate the joint position
errors.

During experiments, the joint coordinates are measured and
compared with the reference signals. The obtained results of
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TABLE III
INPUT SIGNALS APPLIED TO THE MOBILE PLATFORM DURING EXPERIMENTS

Fig. 9. Measured and reference displacements (mm) of active joints during the
first experiment. (a) Actuator 1. (b) Actuator 2. (c) Actuator 3.

first and fourth remote experiments are shown in Figs. 9 and
10, respectively.

VIII. RESULTS USING SLD FOR EDUCATION AND RESEARCH

SLD has been used at UCLV and UPM in activities of
teaching as well as undergraduate and postgraduate course. In
2007, the SLD platform received an Award from the Academy
of Sciences of Cuba for its development and use.

There is a close relationship between the complexity of real
equipment and its purpose. The methodology applied is that less
complex equipment such as DC motors and thermal systems,
are used in courses for undergraduate and master. While more
complex equipment such as robots, are used by Ph.D. students
and researchers to test novel control algorithms.

According to our experience, the best methodology for SLD
in education consists of combining hands-on and remote works
taking advantage of both scenarios. Present works have a great
formative value for the students. It allows them to know and ma-
nipulate real equipment, and to perform all connections and aux-
iliary jobs required before being used. Once students are famil-
iarized with the systems, they can perform the works remotely
in order to save time and focus on data acquisition and interpre-
tation. The effective time using the devices remotely is strongly

Fig. 10. Time history of joint trajectories obtained from fourth experiment,
considering sinusoidal elevation and orientation of moving platform. (b) Ac-
tuator 2. (c) Actuator 3.

reduced, because programming and capturing of data require
10–20 min. The accomplishment of remote works is the time
saved by students and the shared use of resources. This is par-
ticularly important when the number of students is large and the
equipment is expensive. Another interesting aspect that arises
when combining hands-on and remote practices is the unlimited
time for using equipments. The students can use them until they
consider that the aimed objectives have been reached [32]–[34].

The results obtained at the last courses using SLD were posi-
tive. Students were very motivated with SLD use for the remote
practices. Several studies have been done to evaluate the impact
in the teaching of control engineering using the methodology
that combines hands-on and remote laboratories. Among the
techniques used include expert groups, the participant’s obser-
vation during the execution of laboratory practices and surveys.

Survey results, in a scale from 1 to 5 (completely disagree to
completely agree), behaved as follows (Table IV). A sample of
170 students from two last courses was chosen.

Many researchers and Ph.D. students have contributed var-
ious excellent control algorithms to experiment devices in SLD,
especially with parallel robot and the robot manipulator. The
opinion is very good and would extend the experience even
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TABLE IV
SURVEY RESULTS

more. This will enable the collaboration among universities and
between universities and companies.

IX. CONCLUSION

SLD has proven to be a powerful tool for managing the re-
mote laboratory, as well as in education and research.

Using remote experimentation, the cost required for doing
research on parallel robots can be reduced. It is mainly due
to a great number of researchers from all parts of the world
being able to access the remote laboratory. Effective collabo-
ration and communication among researches can be done; the
results of different experiments are stored in memory for sub-
sequent studies. In addition, a large number of remote experi-
ments can be carried out by researchers located in others uni-
versities in order to evaluate the dynamic performance of the
robotic system. Important research can be conducted like system
dynamic identification, dynamic parameters evaluations, robust
tracking performance, etc.

The principal benefit of using remote laboratories for research
is to share expensive resources among universities, industry, and
research centers, which allows the distribution of cost. Another
important advantage is the creation of a workbench that will
be accessible to several researchers in order to develop and test
advanced algorithms of control.

The remote experimental results confirm the expected perfor-
mance of the system in the joint space control scheme. As future
works, control strategies for the parallel robot can be improved
with a cascaded control loop in order to better the overall perfor-
mance of the control system, in path tracking, motion simulator
application, etc.
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